influenza A prime virus is capable of producing a fatal pneumonia in mice that is grossly indistinguishable from the pneumonia produced by the adapted line of that same virus that had been repeatedly passed in the mouse lung (Sugg, 1949a) . However, the unadapted line does not possess all the attributes of a mouse-adapted virus; in contrast to the high degree of virulence possessed by the latter, relatively large amounts of the unadapted line must be introduced into the lungs to produce death, and, more important, suspensions prepared from those lungs fail to produce detectable lesions when passed to normal mice by the intranasal route. Hence, it seemed likely that a comparison of the unadapted and adapted Cam viruses, in respect to the events that take place following the introduction of virus into the mouse lung, might yield information in regard to the properties of an influenza virus that endow it with mouse virulence. Such a comparison was therefore made, and the results of those experiments form the basis of the present report.
A few experiments have been reported that compare the multiplication of mouse-unadapted and adapted influenza virus in the mouse lung. During the adaptation of three strains of influenza A virus to mice, Hirst (1947) determined the egg-infectious titer of each of the passage materials, which consisted of lung preparations harvested 3 or 4 days after intranasal inoculation. He reported that mouse unadapted (avirulent) virus multiplied to the same maximum egg-infectious titer in that tissue as the mouse-adapted passage of the same virus. Wang (1948) compared the rate of multiplication of the unadapted and adapted lines of the Rhodes strain of influenza A prime virus by determining both the egginfectious and hemagglutination titers at repeated intervals after intranasal inoculation. Wang found that the mouse-adapted line reached a much higher hemagglutination titer in the lung than did the unadapted line, but stated that the egg-infectious titers attained by the two viruses at the peak of their growth were not markedly different.
MATERIALS AND METHODS
Viruses. The history of the egg (mouse-unadapted) line of the Cam strain of influenza virus has been published (Sugg, 1949a,b) . The mouse line used in the experiments reported was started with allantoic fluid from the 93rd egg passage and had been through 52 mouse passages at the time the study was instituted.
This virus is referred to as Cam 2M to distinguish it from another mouse-adapted line (Cam M), which showed marked antigenic variation from the original egg strain (Sugg, 1949b) . The viruses used in the present study were antigenically closely similar, if not identical.
Inoculation of mic. Freshly harvested, infected allantoic fluids served as the source of virus; dilutions were prepared in 10 per cent normal horse serum in distilled water. In the case of the adapted line the fluids were obtained from eggs that had been inoculated with a 1l-or 10-dilution of infected mouse lung. Each mouse was inoculated intranasally, under light ether anesthesia, with approximately 0.1 ml of test material. In those cases where there was any question about the success of the inoculation, the animals were discarded. All the mice used in the experiments were of about the same size and were from a colony of albinos that had been maintained in this laboratory for approximately 14 years.
Comparison of amount of vtirus in lungs to outcome of infection. A number of similarly infected mice were included in each experiment. At varying intervals thereafter, 3 of the animals were sacrificed, the lungs were pooled, and the titer of egg-infectious virus was determined; 5 to 10 of the group were set aside as virulence controls and were observed for deaths over a period of 10 days. The latter animals are referred to as "control mice."
Titration of virus. The lungs to be tested were ground with alundum, and sterile distilled water was added to make a 10 per cent suspension. The suspensions were then centrifuged at low speed for 5 to 10 minutes, and the supernatant fluids were removed and tested immediately. Tenfold dilutions of the fluids were prepared in infusion broth containing penicillin, and 0.1-ml amounts were inoculated into the allantoic sacs of three to five 9-to 12-day-old embryonated eggs. After 48 to 65 hours' incubation at 35 C, allantoic fluid was obtained from each egg and tested in a series of dilutions for the presence of hemagglutinins; in the absence of agglutination the egg was considered free of infection. The 50 per cent egg-infectious titer was then calculated by the method of Reed and Muench (1938) .
RE5UT
In the first experiments to be reported separate groups of mice were inoculated intranasally with undiluted and with a 10-dilution of allantoic fluid infected with either the egg (Cam E) or the mouse (Cam 2M) line of virus. At 0, 4, 10, 24, 48, 72, and 96 hours the titer of egg-infectious virus in the lungs was determined as described under "Methods." The results of the titrations and of the observations on the virulence control mice are shown in figure 1.
Two points are evident in the data: first, the maximum virus titer was higher in all the groups in which the control mice died than it was in the one group in
1950]
INFLUENZA VIRUS IN MOUSE LUNG 491 obtained from the experiment with Cam 2M. When the larger amount of that virus (undiluted fluid) was inoculated, both the rate of multiplication and the maximum titer were appreciably less than they were when the diluted fluid was used. This finding is similar to the results commonly observed when embryonated eggs are inoculated with corresponding amounts of influenza virus, but its significance is unknown.
The results of the tests with the diluted fluids (figure 1) show that both viruses readily multiplied in the mouse lung, and the peak of growth, in each case, was lo-8
10-7~~~~~~~~~~~~~~~~~~~~- attained within 24 hours. However, there was a marked difference in the amounts of virus produced; the titer of the adapted line increased from a low of 10' 3 atthe adapted virus, the increased virulence of that line could be due to an increased toxicity on the part of the individual virus particle as compared to the virus particles of the Cam E culture. The data included in figure 1 furnish no information on the relative toxicities.
A number of additional experiments, therefore, were conducted with Cam 2M and with Cam E in order to determine for each line the minimum concentration of virus in the lungs that was associated with the death of the control animas. For that purpose, amounts of virus near the minimum lethal doses were employed, and a test with a larger or smaller dose was included for comparison. The procedure was the same as that used in the preceding experiments, with the exception that the 4-and 10-hour titrations were omitted.
It will be seen from the data in table 1 and figure 2 that when the smaller amounts of Cam 2M (10-5 to 10-dilutions) were administered, the outcome of in those cases in which the outcome of the infection depended upon multiplication of the virus.
The results of the experiments with Ca.m E closely paralleled those obtained with Ca.m 2M in many respects. It will be seen (table 2) that the titer at 0 hours in one group of mice (no. 2) inoculated with Cam E was 10-6.5, and, although insufficient multiplications occurred to maintain that level, all the control ani-. mals died. On the other hand, that same titer (106.5) was observed in two other groups (nos. 4 and 7) at 24 or 48 hours following inoculation, and all of those controls survived. Thus, the data indicate that both Cam E and Cam 2M were more effective in killing mice when large amounts of those agents were introduced directly into the lungs than they were when the same or greater amounts were
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present as a result of multiplication in that tissue. Whatever the explanation of this finding, it is probable that all the virus detected immediately following inoculation was extracellular, whereas a large part detected at the later periods was intracellular; and it is possible that the extent of lung injury was directly related to the concentration of extracellular virus, presumably adsorbed to the cell surfaces, rather than to the total amount of virus present in the lungs. The data obtained with Cam E (table 2) also indicate that a titer of approximately 10-6.6 immediately following inoculation represented the minimum lethal concentration of that virus. Although 4 of the 8 control mice died in group no. 5 in which the titer at 0 hours was only 10-6.0, it will be noted that the inoculated virus multiplied to a much higher concentration in the lungs than did any of the other preparations that were used. As shown in table 2, the titer at 24 hours had increased to 10-8.0, whereas the maximlm observed as a result of virus multiplication in any of the other experiments was only 10*-. But it should be emphasized that the allantoic fluid used for the inoculation of mice of group no. 5 was the only one of many Cam E preparations tested in which the component virus particles multiplied to that extent. The 24-hour titer in that test was so much higher than the titers observed in any of the previous experiments with that virus that the fluid was retested after it had been stored in the refrigerator for 6 days. The results of both tests were similar in all respects. Furthermore, as a control on possible contamination with the adapted virus, a second mouse passage was made during the course of each experiment, but none of the second passage animals died or showed pulmonary lesions when sacrificed 10 days after intranasal inoculation. Thus, it seems likely that the death of the mice of group no. 5 was not due to injury produced by the virus at the time of inoculation, but rather to the fact that the Cam E virus particles multiplied to a lethal concentration in However, there was a marked difference between the two lines in capacity to multiply to that minimum concentration. This was indicated by the data in figure  1 , and is clearly illustrated by a comparison of the data in figures 2 and 3. And that difference seems to have been responsible for the difference in the mouse virulence of the two viruses.
DISCUSSION
In considering the relation of the findings reported to the mouse adaptation of influenza viruses in general, it should be emphasized that the ability of the unadapted Cam virus to produce pulmonary lesions when introduced into the mouse lung is not evidence that the virus is "partially mouse-adapted." The pneumonia produced by that agent is nontransferable by serial passage (Sugg, 1949a) , and the virus must be subjected to from 3 to 6 passages in the lungs before it acquires the attributes of the usual mouse-adapted virus. But the ability o~~~~~~~~ALL CONTROL MiCE DIED of the virus to produce a fatal pneumonia in mice did make it possible to compare the unadapted and adapted lines of that strain, both on the basis of capacity to propagate in the mouse lung and on the basis of the minimum virus concentrations present in that tissue which were associated with death of the infected animals. The data have shown that the two lines did not differ greatly in the latter respect, but that the adapted line consistently multiplied to a higher concentration in the mouse lung than did the unadapted line. This difference seems sufficient to explain the difference in the virulence of the two viruses. It is suggested, therefore, that the fundamental distinction between the mouse-unadapted and the mouse-adapted lines of a strain of influenza virus consists not in a difference in intrinsic pathogenic quality but in a difference in capacity to multiply in the mouse lung.
It is of interest to note that the concentration of virus in the lungs which was associated with death of the mice was less when very large amounts of the agents were inoculated than it was when small amounts were inoculated. The data indicate that the large amount of inoculated virus, by itself, killed the mice without any multiplication of the agent in the lungs. This interpretation of the data is supported by the fact that influenza viruses possess toxic properties and are capable of producing severe lesions in tissues in which they do not usually propagate (Hale and McKee, 1945;  Henle and Henle, 1946a,b) . The death of the mice that were inoculated with the smaller amounts of virus might well be due to the same toxic properties of the virus particles. The data indicate that the virus multiplied in the mouse lungs without ill effect on the host, but that the animal was destined to die once a certain concentration was attained. Hence, it seems that the two cases did not differ in the mechanism by which death was produced, but rather in the method and time of attaining a lethal concentration of virus in the lungs. In that event, however, an explanation is needed for the fact that the concentration required to kill the animals was considerably greater when attained by in vivo multiplication than when the inoculated amount by itself was sufficient to furnish a lethal concentration. One explanation that would be consistent with the reported results is that the production of pulmonary lesions in mice that are inoculated intranasally with influenza virus depends to a greater extent upon the extracellular virus, presumably adsorbed to the cell surfaces, than it does upon the intracellular virus.
SUMMARY
When either the unadapted or adapted line of the Cam strain of influenza virus was inoculated intranasally into mice, the death or survival of the infected animal seemed to depend upon the concentration of virus attained in the lungs rather than upon the amount of multiplication of the agent in that tissue. The two lines did not differ greatly in respect to the concentration that was associated with death, but the adapted line possessed the capacity to multiply to a higher concentration in the mouse lung than the unadapted line. The latter finding seems to explain the difference in the mouse virulence of the two viruses.
The results as a whole suggest that the concentration of influenza virus in the 496 [VOL. 6() lungs which is associated with the death of mice can be attained in either one of two ways: when a large amount is inoculated the quantity introduced may, by itself, present a lethal concentration, or when lesser amounts are inoculated the lethal concentration may be attained as a result of virus multiplication. In the former case the amount of virus required to kill the animal is apparently less than in the latter case.
